Background. Metagenomics studies have reported on the complexity of microbiomes associated with seagrass and can provide critical insights into the sustainable use and conservation of seagrasses. Recent conservation activities in Kenya focused mainly on coral reefs and mangrove forests with little direct action taken to conserve seagrass meadows. Pollution, over-exploitation of marine resources and minimal efforts towards enforcement of conservation laws of marine environments, have caused degradation and defoliation of seagrass habitats. Little is known about the microbes associated with seagrass species in Kenya and this study aimed to characterize the genetic diversity of the microbiomes of two prominent seagrass species, Enhalus acoroides and Thallasodendron ciliatum, which are the most commonly occurring species.
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27 Methods. Replicate microbiome samples were collected from leaves, roots, sediment and water 28 columns associated with the two seagrass species from two sites on the Kenyan coast. The 29 microbial communities of the samples were characterized and compared using 16S ribosomal 30 RNA gene PCR and sequencing. Microbiome features including diversity and taxonomic 31 composition were used to compare within and between sample types and sites.
32 Results. Leaf samples from both E. acoroides and T. ciliatum had significantly different 33 microbial communities comparted to root and sediment samples, revealing a diversity gradient 34 with lowest diversity in water samples and highest in sediment. There were no significant 35 variation in seagrass microbial composition associated with leaf and rhizosphere microbiomes of 36 either E. acoroides or T. ciliatum. However, we did see a difference between water samples 37 associated with each seagrass species.
38 Discussion.
39 This study of the microbiomes associated with the sediments, roots, leaves and surrounding 40 water of E. acoroides and T. ciliatum, included a limited number of samples from a small 41 geographic area, providing a valuable first assessment of the microbial diversity of seagrass beds 42 on the Kenyan coast. We found no significant differences between the plant-associated bacterial 43 communities of the two-seagrass species investigated. Significant differences however, were 44 observed amongst leaf-, root-, sediment-and water-associated bacterial communities. This work 45 will contribute to understanding the dynamic environment of seagrass beds and will contribute to 46 helping conserving and re-establishing seagrass beds degraded by due to anthropogenic 47 activities. 48 49 Introduction 50 Around the world, coral reefs and seagrass beds protect shorelines and host highly productive 51 and diverse ecosystems. They provide hatcheries for and sustain marine species, including those 52 that we harvest for food. In Kenya, coral reefs cover approximately 600km 2 along the coast and 53 are often associated with seagrass beds, although the latter's total coverage has not been 54 determined. Seagrass communities are subject to frequent anthropogenic and natural 55 disturbances. Exposure to overexploitation, pollution and climate change can lead to alterations 56 in vegetation complexity, which in turn may affect associated fauna and microorganisms. 57 Documented recent seagrass losses along most of the Kenyan coast has been ascribed to 58 extensive grazing by sea urchins (Tripneustes gratilla) and this has caused habitat fragmentation 59 and defoliated beds (Mutisia, 2009 ). Limited transplantation projects were undertaken to counter 60 this trend and support natural recovery and Mutisia (2009) showed that defoliated seagrass beds 61 could recover fully in density, diversity and community structure of its meiofauna and 62 specifically of harpacticoid copepods.
63 Recent studies have shown that when disruptions occur in an ecosystem, associated changes in 64 the microbial communities or microbiomes, can be at least equally or more significant than that 65 of the macrofauna and -flora. Documenting and understanding such shifts in the composition and 66 abundance of individual species within a microbiome, can provide insights and likely identify 67 key microorganisms, of which the presence and abundance act as indicators of the environment's 68 health . 69 Following this line of reasoning, Uku et al. (2007) assessed the presence and abundance of 70 prokaryotic epiphytes on leaves of three seagrass species in Kenya, Thalassodendron ciliatum, 71 Thalassia hemprichii and Cymodocea rotundata and how they varied between sites containing 72 differing levels of nutrients that were associated with human activities, in the water. They used 73 denaturing gradient gel electrophoresis (DGGE) and PCR amplified 16S rRNA gene fragments 74 and found higher epiphytic coverage of seagrass leaves was associated with water with more 75 nutrients, while the microbial diversity was linked to seagrass species rather than the study sites.
76 Metagenomics studies have reported on the complexity of microbiomes associated with seagrass 77 (Cúcio, et al., 2016) and how they can be used as pointers and drivers of the biogeochemical 78 environment within biofilms, such as those associated with many marine organisms (Agler, et 79 al., 2016) . Knowledge of the microbial composition of these communities and how they fluctuate 80 with changes in the environment can provide critical insights into the sustainable use and 81 conservation of seagrasses.
82 On the Kenyan coast, pollution, over-exploitation of marine resources and minimal efforts 83 towards enforcement of conservation laws of marine environments, have caused degradation and 84 defoliation of seagrass habitats (Tuda & Omar, 2012) . Recent conservation activities in Kenya 85 focused mainly on coral reefs and mangrove forests with little direct action taken to conserve 86 seagrass meadows, despite the fact that they are valued 3 times higher than coral reefs and 10 87 times more than tropical forests (Björk, et al., 2008) .
88 This study reports on the microbiomes of two prominent seagrass species on the Kenyan coast. 89 Since little is known about the microbes associated with seagrass species in Kenya, this study 90 aimed to characterize the genetic diversity of the microbiomes of two prominent seagrass 91 species, Enhalus acoroides which is eaten as a snack in Lamu county and T. ciliatum, which is 92 the most commonly occurring species.
94 Materials & Methods

95
96 Seagrass sampling and DNA isolation 124 approved, trimmed and filtered data were exported as sff files and further visualised and trimmed 125 on quality in CLC Genomics Workbench version 9.5.3, exported as fasta files and processed 126 using QIIME version 1.9.1 (Caporaso et al., 2010) . Sequences with a length between 200 and 127 250 bp with mean sequence quality score of > 25 were retained. Sequences with homopolymers 128 of more than 6 bp or with mismatched primers, were omitted. 16S rRNA Operational Taxonomic 129 Units (OTUs) were defined at ≥ 97% sequence homology using the open reference picking 130 pipeline and taxonomy assignment workflow of QIIME and the Greengenes database (v.13_8) 131 (DeSantis et al., 2006) . Data-mining and statistical analysis was done in Calypso version 8.54 132 (http://bioinfo.qimr.edu.au/calypso/) including visualization of the taxonomic information 133 (Zakrzewski et al., 2017) . Core microbiomes were analysed using MetaCoMET with an absolute 134 read count threshold > 100 and using the membership method for calculating the core OTUs 135 (https://probes.pw.usda.gov/MetaCoMET/index.php). 136 137 Results 138 Intra-sample variations between seagrass species 139 The 16S rRNA amplicon sequencing generated a total of 1,404,280 high-quality reads from 16 140 samples with a median read count per sample of 78,207 (range: 35,783 -155,095). High-quality 141 reads were clustered using > 97% sequence identity into 2,312 microbial OTUs. OTUs with less 142 than one percent relative abundance across all samples were discarded, resulting in 2,112 OTUs. 143 OTU counts were normalized using total sum normalization (TSS), which divides feature read 144 counts by the total number of reads in each sample.
145 To estimate the representativeness of our data set and to assess if there were enough sequences to 146 capture the intra-sample community richness, we performed a rarefaction analysis for the 147 identified OTUs (Fig. 1A) . All samples attained sufficient sequencing depth to capture the 148 microbial diversity since all the graphs tapered off towards a horizontal line. Alpha diversity 149 metrics of species richness and evenness (Chao1, P = 0.236, ANOVA, Shannon, P = 0.000642 150 ANOVA and Simpson, P = 0.000231, ANOVA) were determined for each sample (Fig. 1 B, C  151 and D) revealing a diversity gradient with lowest diversity in water samples and highest in 152 sediment.
Inter-sample variation between seagrass species
154 Principal coordinates analysis (PCoA) based on Bray-Curtis distance metric of OTUs, revealed 155 that distinct microbial communities were associated with either E. acoroides or T. ciliatum 156 leaves or rhizosphere (root and sediment) samples (Fig. 2) . PERMANOVA tests performed on 157 three different beta diversity metrics -Bray Curtis dissimilarity, unweighted unifrac and 158 weighted unifrac -confirmed that these communities were significantly different from each other 159 with p = 0.001 (Table 1) . Leaf samples from both E. acoroides and T. ciliatum were significantly 160 different from root and sediment samples, which clustered together and distinct from water, 161 which clustered separately. However, there were no significant variation in seagrass microbial 162 composition associated leaf and rhizosphere microbiomes of either E. acoroides or T. ciliatum. 163 However, we did see a difference between water samples associated with each seagrass species.
Major patterns in microbiome compositions of leaves and rhizobiomes
165 Results from the diversity metrics presented above showed that there were distinct microbial 166 communities associated with leaves, rhizobiomes and water. We further investigated this by 167 determining in more detail the taxonomic composition of the phylum of microbes associated 
